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1 Context 

The AGFORWARD research project (January 2014-December 2017), funded by the European 

Commission, is promoting agroforestry practices in Europe that will advance sustainable rural 

development.  The project has four objectives: 

1. to understand the context and extent of agroforestry in Europe, 

2. to identify, develop and field-test innovations (through participatory research) to improve the 

benefits and viability of agroforestry systems in Europe,  

3. to evaluate innovative agroforestry designs and practices at a field-, farm- and landscape scale, 

and 

4. to promote the wider adoption of appropriate agroforestry systems in Europe through policy 

development and dissemination. 

This document reports to Deliverable 2.4, which ŀƛƳǎ ŀǘ ǇǊƻǾƛŘƛƴƎ ŀ άǊŜǇƻǊǘ ŘŜǎŎǊƛōƛƴƎ ǘƘŜ 

components, structure, ecosystem services, and economic value of selected high cultural and natural 

ǾŀƭǳŜ ŀƎǊƻŦƻǊŜǎǘǊȅ ǎȅǎǘŜƳǎ ŀŎǊƻǎǎ 9ǳǊƻǇŜέ.  The data included in this report will also inform the 

modelling activities being developed in WP6 of the project.    

 

2 Background 

In Portugal the main agroforestry system is a traditional system called montado, occupying a total 

area of 737.000 ha (ICNF 2013). It is characterized by low trees density values (average 66 trees ha-1 

(AFN 2010)), combined with agriculture and/or pastoral activities (Pereira and Tomé 2004). Some 

areas, public or privately owned, are also managed concerning the provision of other services such 

as biodiversity protection, hunting activities, education and/or leisure activities. 

 

The main tree species found in the montado is cork oak (Quercus suber L), a species characterized by 

the ability of production a thicker back layer (cork), which can be regenerated after it is extracted 

during an operation called debarking. The physical and chemical properties of the cork material 

allow this natural material to be used on a large and increasing number of products that go from the 

most simple handicraft or natural cork stoppers, to new products and applications such as 

bioabsorbents of heavy metals in aqueous solutions, composite materials, architecture and medical 

applications and pharmacy (Pereira 2007). 

 

Montado was the main agroforesty system discussed by the farmers at the initial ǎǘŀƪŜƘƻƭŘŜǊΩǎ 

group meeting that took place on 24 July 2014, in Coruche, Portugal, under work-package 2 of the 

AGFORWARD project1. The list of knowledge gaps and innovations proposed during this meeting 

highlighted the importance of the systemΩs ecological, economic and social characteristics. The 

importance of cork for the financial viability of farms raises concern regarding tree decay and 

mortality rates that have been observed since the beginning of the twentieth century (Natividade 

1950; Cabral et al. 1992; Cadima et al. 1995; Costa et al. 2010). It also highlighted the need for 

research on the best agroforestry management practices that should be adopted to contribute to 

tree regeneration, increase cork quality, adequate selection of crop and pasture species, and 

ultimately to guarantee an economic and ecological sustainable management of the montado in 

Portugal.  

                                                           
1 http:/ /www.agforward.eu/index.php/en/montado-in-portugal.html 

http://www.agforward.eu/index.php/en/montado-in-portugal.html
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3 Description of the system components 

 

3.1 Tree and cork components 

The main tree species occurring in the montado is Quercus suber L, although associations in mixed 

stands with other tree species, namely Quercus ilex and Pinus pinea, may occur (see Section 2). The 

cork oak species grows in warm humid and sub-humid conditions up to 2000 m, but with optimum 

growth occurring up to 600 m of altitude. It is considered a semi-tolerant species, well adapted to 

mild climates, namely to the Mediterranean climates with Atlantic influence. Cork oak grows well 

with mean annual precipitations of 600-800 mm, but survives in years with very low precipitation 

under 400 mm. It can tolerate higher precipitations of up to 1700 mm, but is very sensitive to water 

logging. It is adapted to the Mediterranean type of climate with precipitation concentrated in the 

late autumn and winter (October-March) with minimal summer rain. The optimum mean annual 

temperature is considered to be 13-16°C, but the system also occurs where the mean temperature is 

19°C. The mean temperature of the coldest month should not be below 4-5°C and the absolute 

minimum survival temperature is -12°C (APA 1984; Correia and Oliveira 2003; Serrada and Montero 

2008). 

 

The tree species is tolerant of most soil types with the exception of calcareous (Figure 1) and 

limestone substrates. It may grow on poor and shallow soils with low nitrogen and organic matter 

content, and it allows a pH range between 5 and 7. It occurs preferentially in siliceous and sandy 

soils (Figure 2), and prefers deep and well aerated and drained soils. It is very sensitive to 

compaction and water logging (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Soil with calcareous and compaction characteristics present in a young cork oak plantation 
(age 12 years) with low survival and growth rate of the trees. Photos: Joana Amaral Paulo. 
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Figure 2 Soil of sandy texture and approximate depth of 150 cm present in a young cork oak 
plantation (age 12 years) with survival rates of 90% and high growth rates of the trees. Photos: Joana 
Amaral Paulo. 
 

Although a resilient and tolerant species, soil properties are known to affect cork oak tree growth 

(Paulo et al 2015a), root system development (David et al. 2013, Pinto et al. 2014), and ultimately 

tree survival (Costa et al. 2010; Castel-Branco 2014). David et al. (2013) were able to map the 

complete tree root system, both laterally and in depth, demonstrating that Quercus suber had a 

dimorphic root system with deep roots reaching groundwater and superficial roots that are linked to 

sinker roots (Figure 3). These descriptions highlight the species adaptation for prolonged dry 

summer season that characterizes the Mediterranean climate, and the importance of adequate 

management practices that protect the root system, particularly the superficial root systems, 

especially in locations with shallow soils, or where tillage is no longer a practice. Since the success of 

new cork oak plantations is relevant for future productivity, it is crucial to find where cork oak can 

grow while having good survival rates and better growing conditions.  

 

Cork oaks are typically trees with a short stem and thick branches that rarely attain heights greater 

than 18 m (Paulo et al. 2011) and crown diameter greater than 15 m (Paulo et al 2015b) (Figure 4 

and Figure 5). Paulo (2011) presents data on the number of main branches and stem height, 

highlighting average values for adult trees of 2 and 2.37 m respectively. However these average 

values may be misleading, since maximum values of 7 main branches and 11.20 m were also found 

for the two variables respectively. 

 

The number of main branches and the crown shape is frequently determined by formation pruning 

operations, made around 10 years after tree plantation or regeneration, and again close to the first 

debarking operation, between 20 and 25 years (Costa and Pereira 2007). Formation pruning (Figure 

6) is an operation also determined by stand management objectives. For the majority of the stands 

that are managed for cork and pastoral purposes it is made in order to guarantee the tree 

contribution for shade and acorn production, which are relevant for the pastoral and grazing 
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activities of these agroforestry systems (e.g. Moreno 2008). However, uncertainty remains on the 

best tree stem conformation for the optimization of cork production, shade and acorn production. 

Controversy on this matter is related to the positive relationship between debarking surface and 

cork production (e.g. Ribeiro and Tomé 2002), simultaneously to the observed reduction of cork 

thickness (and consequently cork value) along stem height and in the branches (Montero and Vallejo 

1992). 

 

 
Figure 3. Scheme and photographs of the Quercus suber root system (superficial lateral roots at 
stem base, sinker roots, taproot sections at two depths and tangle of deep fine root filaments) 
Source: David et al. (2013). 
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Figure 4. Cork oak tree stem presenting two main branches and two distinct debarking years. 
Numbers indicate the year of the last debarking (2013 and 2015). Photo: Joana Amaral Paulo 
 

 

 
Figure 5. Relationship of diameter at breast height ς du ς and total height ς h ς (Source: Paulo et al 
2011) and crown diameter ς cw ς (Adapted from Paulo et al. 2015b). 
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Figure 6. Formation pruning operation in a juvenile cork oak stand managed for cork and game 
production. Photo: Joana Amaral Paulo 
 

 

The tree can be easily differentiated from others due to the presence of a thick bark (cork). The first 

cork is called the virgin cork (Figure 7). Virgin cork is characterized by deep fractures and cracks that 

extend irregularly, but mostly longitudinally, due to the rapid radial growth of wood in young trees. 

The removal of the cork layer exposes the phellogen, causing this layer to consequently die. As a 

response, a new periderm (the traumatic periderm) is formed in order to protect the living tissues 

that were exposed to the environment. The unprotected tissues that dry out and die during this 

process fracture easily due to the radial growth of the new periderm that follows and that originates 

mature cork (Figure 8). These layers form the external part of the new cork layer and are called the 

cork back (Pereira 2007). Internally to the cork back, seasonal cork rings develop until the next cork 

extraction takes place, forming the tissue of mature cork (first mature cork is designated as 

secondary cork). Only mature cork may be used for cork stopper production, and even when certain 

limits of cork thickness and porosity are found (e.g. Costa and Pereira 2006). These product features, 

associated to the low growth rates that characterize the tree species, imply that cork production 

economic return is only obtained around 35 to 45 years after tree plantations (depending on site 

characteristics).  

 

Although the relation between cork annual growth and climate is well established, in particular with 

precipitation and temperature (Caritat et al 1996, Sánchez-González et al 2007, Pizzurro et al 2010), 

questions remain regarding the influence of several tree, soil, stand and management practices on 

cork thickness and even more on cork quality (Paulo et al submitted).  

 

The experimental work carried out in the AGFORWARD project under the scope of work-package 2 

contributes to the clarification of some of these questions, in particular on the effect of lupin pasture 

and shrub encroachment on cork growth2. It is expected that Yield-SAFE, an agroforestry process-

based growth model that considers competition between tree and crop for water and light (van der 

                                                           
2 http://www.agforward.eu/index.php/en/montado-in-portugal.html 

http://www.agforward.eu/index.php/en/montado-in-portugal.html
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Werf et al 2007), can contribute to the understanding of the impact of tree density on tree growth, 

in the context of current and climate change scenarios. 

 

 

 

  
Figure 7. Virgin cork debarking (left) and virgin cork in detail (right). Photos: Joana Amaral Paulo 
 

 

 

Figure 8. Mature cork debarking (left) and cork samples showing annual cork rings (right). Photos: 
Joana Amaral Paulo (left) and Sónia P. Faias (right). 






























